Introduction {#section1-1534735419866924}
============

Cancer statistics indicate that breast cancer is the second and fourth leading cause of death in women of the United States and Taiwan, respectively.^[@bibr1-1534735419866924]^ In breast cancer patients, determination of hormone receptors, such as estrogen receptor (ER) or progesterone receptor (PR) and human epidermal growth factor receptor 2 (HER2), are considered as biomarkers due to their diagnostic and prognostic implications.^[@bibr2-1534735419866924]^ Among them, the HER2 subtype tumors are clinically and biologically heterogeneous; therefore, therapeutic options become complicated and varied, but they play a vital role in targeted therapies.^[@bibr3-1534735419866924]^ Approximately 70% of human breast cancers are hormone receptor--positive, and the hormone therapy following surgery, radiation, or chemotherapy led to a significant improvement in postsurvival and reduction in disease relapse. However, half of the early-stage hormone receptor--positive cells are resistant to hormone therapy and highly malignant.^[@bibr4-1534735419866924]^ More strategies are suggested to overcome resistance and prolong survival. This depends on compensatory signaling pathways; for example, adjuvant systemic therapy with PI3K/AKT inhibitors or receptor tyrosine kinase (RTK) inhibitors.^[@bibr5-1534735419866924]^ Others, like the 10% to 17% of breast cancer patients without ER, PR, and HER-2 expression called triple-negative breast cancer (TNBC), have limited therapeutic options and are characterized by metastasis with poor prognosis. The molecular profiling of TNBC shown the activation of the PI3K pathway, as well as other genes linked to TNBC.^[@bibr6-1534735419866924]^ Developing therapeutic strategies for the treatment of recurrent or metastatic tumors is critically important to improving the prognosis of patients with progressive breast cancer. Targeting the PI3K signaling pathway has promising results. However, inhibition of PI3K in case of the tumor with RTKs overexpression leads to compensatory activation of the ERK signaling pathway. Given that both PI3K/AKT and Ras/MAPK are the major effector downstream pathways of RTKs, combined therapy of MAPK or RTKs inhibitors with PI3K inhibitors is suggested.^[@bibr7-1534735419866924]^

In the past few decades, a large variety of chemotherapeutic agents have been introduced and most of them have various side effects. To reduce the discomfort and increase the survival rate for patients receiving chemotherapy, current efforts toward anticancer drug development and research are looking forward to finding drugs with high efficacy and low side effects. The bioactive compounds from natural sources are of particular interest.

The plant family Zingiberaceae is one of the largest dietary herb/spice families and have been reported to have various bioactivities, including antitumor, antibacterial, and anti-inflammatory effects.^[@bibr8-1534735419866924][@bibr9-1534735419866924][@bibr10-1534735419866924][@bibr11-1534735419866924]-[@bibr12-1534735419866924]^ The genus *Alpinia* is one of genus in the Zingiberaceae. Previous studies have shown that the extracts or phytocompounds from the genus *Alpinia* showed anticancer activity by directly modulating cellular signaling pathways.^[@bibr12-1534735419866924][@bibr13-1534735419866924]-[@bibr14-1534735419866924]^ *Alpinia nantoensis* is a folk plant endemic to Taiwan and used as a food-flavoring and traditional Chinese medicine preparation. Previously, we reported that trans-3-methoxy-5-hydroxystilbene isolated from the rhizome of *A nantoensis* showed antimetastatic effects on human lung carcinoma cells in vitro^[@bibr15-1534735419866924]^; however, the anticancer activity of various extracts of *A nantoensis* on other cancer models have not been reported. A recent study has shown that galangin, a flavonol isolated from *Alpinia officinarum*, exhibited anticancer properties against human laryngeal cancer by downregulating PI3K/AKT and Ras/MAPK pathways.^[@bibr16-1534735419866924]^ In this regard, we examined the antimetastatic potential of leaf, rhizome, and stem extracts of *A nantoensis* against ER-positive (MCF-7) and triple-negative (MDA-MB-231) breast cancer cell lines by determining PI3K/AKT and Ras/MAPK pathways.

Material and Methods {#section2-1534735419866924}
====================

Extracts Preparation {#section3-1534735419866924}
--------------------

*Alpinia nantonensis* was collected in February 2015 from Nantou County, Taiwan, and was identified by Prof Yen-Hsueh Tseng, Department of Forestry, National Chung Hsing University. The voucher specimen (TCF Tseng4568) was deposited in the herbarium of the same university. Air-dried rhizome, stem, and leaves of *A nantonensis* were extracted with ethanol at ambient temperature and concentrated under vacuum to yield the different parts of extract, namely, ANR, ANS, and ANL as rhizome extract, stem extract, and leaves extract, respectively. Extracts were dissolved in dimethyl sulfoxide (DMSO) to prepare a final concentrations of 2.5, 5, 10, and 20 mg/mL.

Chemicals and Reagents {#section4-1534735419866924}
----------------------

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide), the PI3K inhibitor wortmannin, DMSO, hydrocortisone, bovine serum albumin, heparin, and methylcellulose were obtained from Sigma-Aldrich (St Louis, CA). The epidermal growth factor (EGF) and basic fibroblast growth factor (bFGF) were purchased from PeproTech (Rocky Hill, NJ) and reconstituted by the culture medium. Insulin and B-27 supplement were obtained from Thermo Fisher Scientific (Waltham, MA). Antibodies against AKT, EGFR, phos-AKT^Ser473^, phos-EGFR^Tyr1068^, and E-cadherin were obtained from Cell Signaling Technology (Danvers, MA). Antibodies against ERK and phos-ERK1/2^Thr202/Thyr204^ were purchased from Santa-Cruz Biotechnology (Dallas, TX). Anti-vimentin and anti-β-actin antibodies were procured from Gene Tex (Irvine, CA) and Sigma-Aldrich, respectively.

Cell Culture {#section5-1534735419866924}
------------

Human breast cancer cell lines (BCCs), MCF-7 and MDA-MB-231, were purchased from the Bioresource Collection and Research Center (Hsinchu, Taiwan) and cultured in Dulbecco's modified Eagle medium (DMEM) and Roswell Park Memorial Institute Medium-1640 (RPMI-1640), respectively, and supplemented with 10% fetal bovine serum (FBS; Gibco BRL, Carlsbad, CA). Both cell lines were maintained at 37°C in a humidified 5% CO~2~ incubator.

Cytotoxicity Assay {#section6-1534735419866924}
------------------

The MTT stock solution was prepared at a concentration of 5 mg/mL in phosphate-buffered saline (PBS). Cells at a density of 1 × 10^4^ cells/well were seeded in 96-well cell culture plates overnight and then treated with different concentrations (25, 50, 100, and 200 µg/mL) of ANR, ANS, and ANL for 48 hours. After treatment, culture media were replaced with fresh media containing MTT (0.5 mg/mL) and incubated for 4 hours at 37°C in a humidified 5% CO~2~ incubator. To determine cell survival, the formazan crystal produced by mitochondrial metabolism was dissolved in DMSO and the intensity measured with a microplate photometer (Multiskan Ascent, MTX Lab Systems, Inc, Bradenton, FL) at 550 nm. Percentage of cell survival was calculated using the following formula: cell survival (% of control) = OD~test~/OD~control~ × 100%.

Cell Proliferation Assay {#section7-1534735419866924}
------------------------

MCF-7 and MDA-MB-231 cells were seeded in a 96-well cell culture plate at a density of 1 × 10^3^ cells/well. After 24 hours incubation, cells were treated with increasing concentrations (2.5, 5, 10, and 20 µg/mL) of ANR, ANS, or ANL for 1 to 4 days. At the end of the indicated time points, the surviving cells were determined by the MTT assay, and the cell growth curve was plotted by the survival of cells in the period of 1 to 4 days.

Western Blot Analysis {#section8-1534735419866924}
---------------------

The protein extraction and Western blot assay were performed as previously described.^[@bibr17-1534735419866924]^

Cell Migration Assay {#section9-1534735419866924}
--------------------

To determine the capability of cell migration, we used both wound healing and Boyden chamber Transwell assays. For the wound healing assay, a silicon gap insert (Ibidi GmbH, Martinsried, Germany) was placed in a 12-well culture plate to create a cell-free space of 400 µm in width between 2-well chambers. MDA-MB-231 cells (2 × 10^6^ cells/well) were seeded into each chamber of the culture insert. After 24 hours of incubation, the silicon insert was removed and the cells were washed with phosphate-buffered saline to exclude nonadherent cells and debris. Then, cells were treated with 10 µg/mL ANR, ANS, or ANL for indicated times. For the Boyden chamber assay, a Transwell insert with 8.0 µm pore of polyethylene terephthalate polyester membrane (Corning Inc, Corning, NY) can allow cells to migrate through the pore. The MDA-MB-231 cell suspension (5 × 10^4^ cells/well) culture in FBS-free RPMI-1640 medium containing DMSO vehicle or 10 µg/mL ANR, ANS, or ANL were seeded into each top insert. Cells were allowed to migrate to the bottom of the membrane, which was immersed in 10% FBS medium for 16 hours and then fixed with 70% ethanol. Nonmigrated cells were scraped off with a cotton bud, and the migrated cells were stained with 0.1% crystal violet. A digital CCD camera mounted on an inverted microscope obtained all images (Axiovert 40, Zeiss, Thornwood, NY), and the wound distances and cell numbers were calculated, respectively, for the wound healing assay and the Boyden chamber assay using AxioVision Release 4.8 software (Carl Zeiss AG, Oberkochen, Germany).

Cell Invasion Assay {#section10-1534735419866924}
-------------------

The invasion capability was assessed by the Boyden chamber with an 8 µm pore of polyethylene terephthalate polyester membrane coated with the Matrigel Basement Matrix (BD Biosciences, San Jose, CA). A total of 2.5 × 10^3^ of MDA-MB-231 cells were suspended in FBS-free RPMI-1640 medium containing DMSO vehicle, or 10 µg/mL ANR, ANS, or ANL were seeded into each top insert. Cells were allowed to invade to the bottom of the membrane, which was immersed in 10% FBS medium for 24 hours. The following staining and imaging procedures were the same as the Boyden chamber migration assay.

Sphere Formation Assay {#section11-1534735419866924}
----------------------

The MCF-7 cells were mechanically separated to the singlet state in the trypsin-EDTA buffer before the experiment. Cells at a density of 5 × 10^3^ cells/well were resuspended in serum-free DMEM with or without various concentrations of ANR, ANS, or ANL, and supplemented with a final concentration of 20 ng/mL EGF, 20 ng/mL of bFGF, 5 µg/mL insulin, 1 µg/mL hydrocortisone, 4 µg/mL heparin, 0.5% bovine serum albumin, 1 × B27 supplement, and 1% methylcellulose in 24-well Ultra-Low Attachment plates (Corning, Corning, NY). Cell spheres appeared after 10 days of incubation; the spheres were imaged and counted by CCD camera.

Gelatin Zymography Assay {#section12-1534735419866924}
------------------------

A gelatin zymography assay was utilized to determine whether ANR, ANS, or ANL affect matrix metalloprotease-2 and -9 (MMP2 and MMP9) activities in BCCs. MDA-MB-231 cells were seeded in 6-cm dishes overnight after reaching 80% confluency. Cells were incubated with fresh serum-free medium containing various concentrations of ANR, ANS, or ANL for 24 hours. Both cell lysate (containing the cellular form of MMPs) and culture media (containing the secreted form of MMPs) were separated and centrifuged at 7000 rpm at 4°C for 2 minutes. Next, equal amounts of cell lysate or culture media were individually mixed with bromophenol blue dye in 5:1 ratio, and the proteins were prepared on SDS-PAGE containing 0.1% gelatin gel by electrophoresis, which was carried out at 120 V for 90 minutes at ambient temperature. The gel was washed twice with 2.5% Triton X-100 solution for 30 minutes and the enzymatic reaction performed for 24 hours by immersing gelatin gel in the reaction solution (50 mM Tris-HCl \[pH 7.5\], 2 M NaCl, and 50 mM CaCl~2~). Next, the gelatin gel was stained with Coomassie brilliant blue G-250 (SimplyBlue Safestain, Thermo Fisher Scientific, Waltham, MA) for 60 minutes and washed twice with distilled water. Finally, the image was captured by an Image Analyzer System (LAS 4000 mini, Fujifilm, Tokyo, Japan).

Statistical Analysis {#section13-1534735419866924}
--------------------

The data were plotted and analyzed by GraphPad Prism software version 5.0. All data were expressed as the mean ± standard error of mean. Statistical significance was analyzed by 1-way analysis of variance followed by Dunnett post hoc test for comparison of multiple groups and was represented with a "\*" for *P* values \<.05, "\*\*" for *P* values \<.01, and "\*\*\*" for *P* values \<.001.

Results {#section14-1534735419866924}
=======

Extracts of *A nantoensis* Inhibit Growth of BCCs {#section15-1534735419866924}
-------------------------------------------------

The MTT assay was conducted to investigate the cytotoxicity of ANR, ANS, and ANL against MDA-MB-231 and MCF-7 cells. The dose-dependent cytotoxic effect after treatment for 48 hours in cells is presented in [Figure 1A](#fig1-1534735419866924){ref-type="fig"} and [B](#fig1-1534735419866924){ref-type="fig"}. The IC~50~ values of ANR, ANS, and ANL were 28.13 ± 2.43, 58.04 ± 3.41, 36.05 ± 3.74 µg/mL in MDA-MB-231 cells and 42.22 ± 3.17, 164.48 ± 5.49, 47.80 ± 3.79 µg/mL in MCF-7 cells, respectively ([Figure 1A](#fig1-1534735419866924){ref-type="fig"} and [B](#fig1-1534735419866924){ref-type="fig"}). The cell growth curve was further measured to observe the effect of extracts on cell proliferation. The antiproliferative effect of ANR, ANS, and ANL against MDA-MB-231 and MCF-7 cells was also observed in a dose-dependent manner ([Figure 1C](#fig1-1534735419866924){ref-type="fig"} and [D](#fig1-1534735419866924){ref-type="fig"}). This result showed that ANR and ANL are more potent than ANS.

![Effect of *Alpinia nantoensis* extracts on cell survival and proliferation in cancer cell lines. Cell viability was measured by MTT assay after 48 hours of treatment with increasing concentrations of ANR, ANS, or ANL in MDA-MB-231 (A) and MCF-7 (B) cells. The survival cells were measured by MTT assay at 0 to 96 hours after exposure to 2.5 to 20 µg/mL *A nantoensis* extracts was used to test the cell doubling in MDA-MB-231 (C) and MCF-7 (D) cells. The insoluble formazan was dissolved by DMSO at the end of the experiment, and the percentage of viable cells to the DMSO group was calculated from the absorbance measured at 550 nm. All results are presented as mean ± standard error from 3 independent experiments, n = 3.](10.1177_1534735419866924-fig1){#fig1-1534735419866924}

Extracts of *A nantoensis* Inhibit Migratory Potential of BCCs {#section16-1534735419866924}
--------------------------------------------------------------

A previous study reported that compounds isolated from *Alpinia* species inhibit invasion of renal cell carcinoma.^[@bibr18-1534735419866924]^ Therefore, we hypothesize that extracts of *A nantoensis* have exerted migration and invasion potential of human BCCs. The result of the wound healing assay exhibited that treatment with a nontoxic concentration (10 µg/mL) of ANR and ANL significantly reduced the migratory potential of MDA-MB-231 cells when compared with the DMSO group after treatment for 16 to 24 hours ([Figure 2A](#fig2-1534735419866924){ref-type="fig"} and [B](#fig2-1534735419866924){ref-type="fig"}). These results show that the ANR and ANL extracts have a significant anti-migration effect. The epithelial to mesenchymal transition (EMT) plays a crucial role in initiation of tumor cell metastasis through downregulation of epithelial markers, such as E-cadherin and occludin, and upregulation of mesenchymal markers, including N-cadherin and vimentin.^[@bibr19-1534735419866924]^ Since EGF was reported to reduce E-cadherin expression during the EMT process via MEK/ERK pathway,^[@bibr20-1534735419866924]^ here we used EGF to induce EMT in BCCs, which was set as a positive control. We examined the effects of ANR, ANS, and ANL on EGF-induced EMT in MDA-MB-231 cells. The results showed that cells exposed to EGF markedly reduced the E-cadherin expression, whereas treatment with ANR, ANS, and ANL significantly increased E-cadherin expression when compared with control and EGF treatment groups ([Figure 2C](#fig2-1534735419866924){ref-type="fig"}). In addition, compared with the control group, all the extracts significantly inhibited vimentin expression in MDA-MB-231 cells ([Figure 2C](#fig2-1534735419866924){ref-type="fig"}). The extent of increase in E-cadherin and decrease of vimentin was in parallel to the suppression of cell migration by extracts, supporting the molecular evidence for the antimetastatic effect of *A nantoensis*.

![Effect of *Alpinia nantoensis* extracts on cell migration in MDA-MB-231 cells. The ability of cell migration was determined using the wound healing assay and immunoblots for MDA-MB-231 cells. (A) The wounds are 400 µm wide created by a Culture-Insert, and the wound distances were measured on the microscope images at 0, 8, 16, and 24 hours after cells were incubated with or without 10 µg/mL of extracts. These results were shown by representative photomicrographs. (B) Bar graph illustrating the quantitative analysis of wound distances at the different extracts following various exposure times. Data represent the mean ± standard error of 3 independent experiments, \**P* \< .05 compared with the DMSO group. (C) Immunoblots results showed the effect of extracts on the E-cadherin phosphorylation following exposure to 10 µg/mL of extracts for 24 hours.](10.1177_1534735419866924-fig2){#fig2-1534735419866924}

Extracts of *A nantoensis* Inhibit Invasive Potential of BCCs {#section17-1534735419866924}
-------------------------------------------------------------

To inspect the effect of *A nantoensis* crude extracts on cancer metastasis, we performed the Boyden chamber assay to evaluate MDA-MB-231 cell migration and invasion under chamber without or with matrigel coating. The results are consistent with the wound healing assay: the percentage of migrated cells was decreased to 22.9 ± 11.0%, 63.8 ± 17.1%, and 26.8 ± 9.7% when cells were treated with 10 µg/mL ANR, ANS, or ANL for 16 hours, respectively ([Figure 3A](#fig3-1534735419866924){ref-type="fig"} and [B](#fig3-1534735419866924){ref-type="fig"}). On the other hand, the percentage of invaded cells was decreased to 29.5 ± 6.1%, 80.6 ± 14.8%, and 42.0 ± 5.5% by 10 µg/mL ANR, ANS, and ANL for 24 hours, respectively ([Figure 3C](#fig3-1534735419866924){ref-type="fig"} and [D](#fig3-1534735419866924){ref-type="fig"}). The results of gelatin zymography assay further supported that extracts could inhibit the invasive potential of BCCs. Treatment with 10 and 20 µg/mL ANR, ANS, and ANL for 24 hours significantly decreased the secretive pro-MMP-9, MMP-9, and MMP-2 gelatinase activity ([Figure 3E](#fig3-1534735419866924){ref-type="fig"}). In addition, the cellular pro-MMP-9, MMP-9, and MMP-2 activities were completely abolished by all the sample extracts ([Figure 3F](#fig3-1534735419866924){ref-type="fig"}).

![Effect of *Alpinia nantoensis* extracts on cell migration and cell invasion in MDA-MB-231 cells. The ability of cell migration was determined using the Transwell inserts assay, invasion chamber assay, and Griess assay for MDA-MB-231 cells. (A) 5 × 10^4^ cells were plated into noncoding Boyden chambers together with tested extracts for 16 hours. (C) 2.5 × 10^3^ of MDA-MB-231 cells were seeded into the invasion chamber together with extracts for 24 hours. The migratory and invasive cells were stained with 1% w/v crystal violate solution and become visible under an inverted microscope. Representative photomicrographs are shown, and the bar chart for mean ± standard error of mean was calculated from 3 independent experiments (B and D). \*\**P* \< .01 compared with DMSO group. \*\*\**P* \< .001 compared with the DMSO group. MMP expression and activity assessment of *Alpinia nantoensis* extracts by gelatin zymography in conditioned medium (E) and cell lysates (F).](10.1177_1534735419866924-fig3){#fig3-1534735419866924}

Extracts of *A nantoensis* Inhibit Mammosphere Formation {#section18-1534735419866924}
--------------------------------------------------------

Cancer stem cells (CSCs) have been identified as one of the origins of tumor relapse and drug resistance. To test the effect of *A nantoensis* extracts on CSCs, we used the mammosphere formation assay to enrich the population of cancer stem--like cells.^[@bibr21-1534735419866924]^ The MCF-7 cells were treated with 5, 10, and 20 µg/mL of ANR, ANS, and ANL for 10 days, and tumorsphere formation was analyzed. As shown in [Figure 4A](#fig4-1534735419866924){ref-type="fig"}, the size of the spheres was significantly decreased by all the extracts in a dose-dependent manner. Briefly, 100 spheres were picked up for each group to analyze the size, and over 50% of them had a diameter less than 50 µm when treated with ANR or ANL at 10 µg/mL. A similar effect was observed when cells were treated with ANS at a higher concentration (20 µg/mL; [Figure 4B](#fig4-1534735419866924){ref-type="fig"}). These results indicated that *A nantoensis* extracts could inhibit cancer stem--like cell populations in MCF-7 cells.

![Mammosphere formation of MDA-MB-231 cells treated with *Alpinia nantoensis* extracts at different concentration. (A) Photomicrographs of the mammospheres following treatment with *Alpinia nantoensis* extracts. (B) The number and the size of mammospheres formed per dish were enumerated, and 100 spheres were picked up for each group to analyze. The counts represented are mean ± standard error of mean from 3 independent experiments.](10.1177_1534735419866924-fig4){#fig4-1534735419866924}

Extracts of *A nantoensis* Regulate PI3K/AKT and Ras/ERK Pathways in BCCs {#section19-1534735419866924}
-------------------------------------------------------------------------

To evaluate the antiproliferative and antimetastatic mechanisms of *A nantoensis* extracts, we determined the phosphorylation status of AKT and ERK, which are the downstream effectors of PI3K/AKT and the Ras/ERK pathways, respectively. Results of Western blot analysis showed that 10 µg/mL of ANR, ANS, and ANL significantly decreased the phosphorylation of AKT and ERK at Ser347 and Thr202/Tyr204 residues, respectively, in both MDA-MB-231 ([Figure 5A](#fig5-1534735419866924){ref-type="fig"}) and MCF-7 ([Figure 5B](#fig5-1534735419866924){ref-type="fig"}) cells. To further clarify whether the phosphorylation of AKT and ERK1/2 are the downstream target of growth factor stimulation, we cultured cells in serum-free medium for 24 hours and induced AKT and ERK phosphorylation by addition of 20% FBS for 30 minutes. Our results showed that pretreatment of 10 µg/mL of ANR and ANL, but not ANS, significantly decreased 20% FBS-induced phosphorylation of AKT and ERK1/2 at Ser347 and Thr202/Tyr204 residues in both MDA-MB-231 ([Figure 5C](#fig5-1534735419866924){ref-type="fig"}) and MCF-7 ([Figure 5D](#fig5-1534735419866924){ref-type="fig"}) cells. The inhibitory effects of extracts on AKT and ERK1/2 phosphorylation were highly comparable with the pharmacological inhibitor of PI3K, wortmannin. Next, we examined whether EGF-specific signaling can be affected by extracts. Twenty percent FBS was replaced by 20 ng/mL EGF to induce phosphorylation of AKT and ERK1/2. We found that cells exposed to EGF markedly increased phosphorylation of EGFR at Tyr1068 residue and AKT at Ser347 residue in both cell lines. Indeed, pretreatment with extracts significantly decreased EGF-induced EGFR and AKT phosphorylation in MDA-MB-231 cells ([Figure 5E](#fig5-1534735419866924){ref-type="fig"}), whereas ANR and ANL, but not ANS, gave a similar effect in MCF-7 cells ([Figure 5F](#fig5-1534735419866924){ref-type="fig"}).

![Effect of *Alpinia nantoensis* extracts on the PI3K/AKT and Ras/ERK signaling in MDA-MB-231 cells. Immunoblots results showed the effect of extracts on the AKT and ERK activation by detecting phosphorylation of AKT Ser473 and ERK Tyr204 following exposure to extracts at 10 µg/mL for 24 hours in MDA-MB-231 (A) and MCF-7 (B) cells. Immunoblots results showed the effect of extracts on serum-induced AKT and ERK activations by detecting phosphorylation of AKT Ser473 and ERK Tyr204 following pretreatment to extracts at 10 µg/mL for 30 minutes, then stimulated with 20% FBS (fetal bovine serum) for 30 minutes in MDA-MB-231 (C) and MCF-7 (D) cells. Treatment of a PI3K inhibitor (Wortmannin, 1 µM) was served as a control. Immunoblots results showed the effect of extracts on EGF-induced EGFR and AKT activations by detecting phosphorylation of EGFR Tyr1068 and AKT Ser473 following pretreatment to extracts at 10 µg/mL for 30 minutes before stimulated with EGF for 30 minutes in MDA-MB-231 (E) and MCF-7 (F) cells.](10.1177_1534735419866924-fig5){#fig5-1534735419866924}

Discussion {#section20-1534735419866924}
==========

Metastasis is a complex multistep process involving cell adhesion, invasion, and motility. Accumulating evidence has linked the role of CSCs to local migration and invasion.^[@bibr22-1534735419866924][@bibr23-1534735419866924]-[@bibr24-1534735419866924]^ Hence, one or more interruptions of these steps may offer a therapeutic approach for antimetastatic therapy. Over a millennium herbal medicine has been used and is still practiced in developing countries as the primary source for the treatment of basic and complicated diseases such as diabetes, heart disease, and cancers. In recent years, many herbal extracts or natural products are identified to have a plethora of effects against human cancers; among them, phytoagents that suppress the metastatic behavior of tumor cells are of special interest.

The genus *Alpinia* is the largest genus in the ginger family with about 230 species. Multiple researchers have identified several *Alpinia* species exhibiting anticancer properties against various cancers, with a major focus on their cytotoxic and tumor growth regression effects, whereas little focus has been put forward to understand the antimetastatic potential of *Alpinia* species.^[@bibr25-1534735419866924][@bibr26-1534735419866924][@bibr27-1534735419866924][@bibr28-1534735419866924]-[@bibr29-1534735419866924]^ Bioactive compounds such as cardamonin, galangin, and flavokawain B isolated from *Alpinia katsumadai, Alpinia officinarum*, and *Alpinia pricei* exhibited antimetastatic properties in Lewis lung carcinoma, fibrosarcoma, melanoma, renal carcinoma, and breast carcinoma cells.^[@bibr30-1534735419866924][@bibr31-1534735419866924][@bibr32-1534735419866924]-[@bibr33-1534735419866924]^ We previously reported that trans-3-methoxy-5-hydroxystilbene isolated from the rhizome of *A nantoensis* inhibited migration and invasion of small cell lung carcinoma.^[@bibr15-1534735419866924]^ However, there is no direct evidence to show that the dietary edible parts (rhizome, leaf, and stem) of *A nantoensis* can inhibit metastasis and stemness of human BCCs. Here, we first report that rhizome and leaf extracts of *A nantoensis* displayed significant inhibition on cell migration, invasion, and cancer stem--like sphere formation in human BCCs, whereas the nonedible part, stem extracts, poorly expressed its antiproliferative and antimetastatic effect. These findings strongly suggest the edible parts of *A nantoensis* are beneficial in preventing cancer progression.

Breast cancer cell lines have been well characterized based on molecular features.^[@bibr34-1534735419866924]^ In this study, 2 types of BCCs were used to evaluate the anticancer activity of *A nantoensis* extracts. The MCF-7 cells characterized as luminal type and ER-positive, and the MDA-MB-231 cells are basal B--type and triple-negative. The former is endocrine therapy sensitive, epithelial-like, and nonmetastatic, harboring a mutation of *PIK3CA* (E545K) that leads to an increase in PI3K catalytic activity and oncogenic transforming activity dependent on AKT signaling.^[@bibr35-1534735419866924],[@bibr36-1534735419866924]^ The latter is endocrine therapy insensitive, mesenchymal-like, and metastatic cells that harbor a mutation of *KRAS* (G13D) and high level of RAS activation.^[@bibr37-1534735419866924]^ Ras activation is required for the metastatic behavior associated with mesenchymal phenotypes of basal-type BCCs.^[@bibr38-1534735419866924]^ By assaying the CSC-like sphere formation and migration/invasion, respectively, in MCF-7 cells and MDA-MB-231 cells, we provided evidence that *A nantoensis* extracts suppress the malignant phenotypic behavior in both cell lines. At least these extracts were involved in inhibition of AKT and ERK activation, which are, respectively, downstream of PI3K and Ras.

E-cadherin is a calcium-dependent cell adhesion protein associated with tumor progression, and loss of E-cadherin expression could enhance tumor cell migration.^[@bibr39-1534735419866924],[@bibr40-1534735419866924]^ The constitutive activation of AKT mimics increasing PI3K activity in cancers, which may downregulate E-cadherin expression.^[@bibr41-1534735419866924]^ In line with previously reported findings in lung carcinoma cells,^[@bibr15-1534735419866924]^ the present results showed that extracts of *A nantoensis* inhibited AKT activation and increased E-cadherin expression in *PIK3CA*-mutated mesenchymal MDA-MB-231 cells and indicated that reversing the status of the epithelial-mesenchymal transition might underlie the mechanism of postponing cell migration. Matrix metalloproteinases (MMPs) are zinc-dependent endopeptidases that are directly associated with tumor cell invasion, while cancer cell invasion through extracellular matrix degradation needs activation of MMPs.^[@bibr42-1534735419866924]^ Thus, the elevated MMP activity is critical for transforming tumors to become aggressive; it is also a potential drug target for cancer therapy.^[@bibr43-1534735419866924]^ The process of MMP maturation is secretion of pro-MMPs secreted to the cell surface and activation by removing the pro-peptide domain through upstream MMPs to expose the "cysteine switch."^[@bibr44-1534735419866924]^ Based on the use of SDS in the buffers activating latent gelatinase isoforms,^[@bibr45-1534735419866924]^ gelatin zymography can analyze both the latent (pro) and active forms of enzymatic activity. Our results showed the secreted form of MMP-2 and MMP-9 activities were not changed by extract treatment; if anything, they were only decreased in 20 µM treatment groups. Differently, the gelatinase activity of MMPs isolated from whole cell lysate was abolished by the extracts, indicating that extracts might inhibit MMP gene expression, instead of altering the process of MMP activation, secretion, or catalytic activity itself. We speculated that extracts of *A nantoensis* change the signal pathway leading to MMP gene expression. However, even though the secreted form of MMP-2 and MMP-9 are almost intact, all 3 extracts of *A nantoensis* inhibit MDA-MB-231 cell invasion. This implies that cell invasion requires sustaining of MMP expression, which is compromised by extract treatment.

So far, we could not conclude which specific gene is a definite target for *A nantoensis* crude extracts. These extracts could have multiple targets by complex constituents. To illustrate the impact of *A nantoensis* extracts on cancer growth, we observe the AKT and ERK1/2 activation stimulated by 20% FBS, which is rich in diverse growth factors. We found that 20% FBS can activate AKT and ERK1/2 in both cell lines, and wortmannin inhibited not only AKT but also ERK1/2 activation, indicating the cross-talk between the 2 pathways. In such a situation, extracts of *A nantoensis* inhibited both AKT and ERK1/2 activation in BCCs. The stem extract, with less potency than rhizome and leaf extracts, is exactly reflected in the different pathways in these 2 cell lines. Of these, the stem extract has less inhibition on FBS-induced ERK1/2 activation in MDA-MB-231 cells and AKT phosphorylation in MCF-7 cells. Constitutive EGFR activation was not detected in MCF-7 and MDA-MB-231 cells^[@bibr37-1534735419866924]^; we tested EGF as a representative growth factor and found similar potency of the 3 extracts to the situation of FBS stimulation. The most important finding is that *A nantoensis* extracts inhibit EGF-induced EGFR activation in BCCs. This result indicates that the extracts act on the very upstream events under growth factor stimulation.

The sphere formation assay is a putative way to enrich the CSC population,^[@bibr46-1534735419866924]^ but it is still controversial by modeling in different cell lines and detecting markers.^[@bibr47-1534735419866924]^ However, we adopted a model by maintaining the MCF-7 cells in sphere growth under EGF and bFGF stimulation. The potency of 3 extracts on inhibiting MCF-7 cell sphere formation is parallel to EGF-induced EGFR and AKT activation, explaining the inhibition of EGF function involved in extract-mediated inhibition of sphere growth in MCF-7 cells. In addition, we found that the TNBC cell line MDA-MB-231 is very sensitive to EGF stimulation. Interestingly, extracts of *A nantoensis* strongly inhibited EGF-induced EGFR activation, indicating that inhibition of EGFR is an effective target for TNBC therapy. This idea is consistent with the findings by Nielsen et al that EGFR is overexpressed in basal-like breast tumors, thus proposing that EGFR is a candidate target for those patients.^[@bibr48-1534735419866924]^

Conclusion {#section21-1534735419866924}
==========

*Alpinia nantoensis* crude extract is a complex mixture, and characterizing the mechanism of action of crude extracts is a difficult task. Here, for the first time, we examined crude extracts from rhizome, stem, and leaf of *A nantoensis* on reversing cancer malignant phenotype and proposed the molecular mechanism involved in inhibiting EGFR, AKT, and ERK activation in human breast cancer cells in vitro. Our study will be a new insight to understand the utility of this edible plant against cancers and also be beneficial to the subsequent identification of pure compounds in further research. To further confirm their antimetastatic effects, in vivo rodent models are highly warranted.
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